The list of priority chemicals included in various regulations such as the European Water Framework Directive, as well as the list of hazardous contaminants identified in the aquatic environment, are increasing at an accelerated pace. Therefore, there is a need for broad spectrum methods capable of simultaneously determining hundreds, if not thousands, of contaminants. For the analysis of non-polar or semi-polar contaminants, comprehensive twodimensional gas chromatography (GC £ GC) is more powerful than conventional gas chromatography thanks to a separation on two different stationary phases. This paper reports the use of GC £ GC for a broad screening of hazardous contaminants in an urban wastewater plant.
INTRODUCTION
Water is essential for human life and necessary for multiple processes and activities in the industrial field.
Natural water contamination primarily comes from industrial and agricultural activities, as well as from urban wastewater emissions. This contamination has already induced a deterioration of the aquatic environment and could represent a long-term toxicological risk for human health through the consumption of drinking waters.
However, the latter risk is minimised by the European drinking water directive which sets limit values for dozens of biological, inorganic and organic parameters. Complying with this directive has been achieved by drinking water utilities through the implementation of treatment processes such as activated carbon adsorption, which adequately protects against non-polar and semi-polar contaminants.
On the other hand, the importance of protecting the aquatic environment has been only recently recognised by the European legislator, through the introduction of the Water Framework Directive (WFD) published in 2000.
The objective of this directive is to restore the good ecological status of inland (rivers and lakes) and coastal waters. However, a recent report (COM (2007) 128 final) indicates that the current situation of European waters is worse than anticipated and that a significant percentage of waters in the EU is unlikely to achieve the objectives of the WFD by 2015. doi: 10.2166/wst.2008.615 The effective percentage of water masses achieving all the goals of the WFD is weak (not more than 1% in certain Member States). The results must, however, be the object of a more thorough analysis. High percentages of water masses being likely not to achieve the goals of the WFD are obviously related to strong demographic densities, an intensive use of water, and some important pressures, such as pollution by urban wastewater discharges, nutritive substances coming from agriculture, industrial emissions and rejections of hazardous substances.
During the 20 last years, several studies throughout the world revealed the presence of hazardous contaminants in wastewater effluents including pesticides (Huang & Sedlak 2001; Ö llers et al. 2001) , natural and synthetic hormones (Allen et al. 1999; Kolpin et al. 2002) , plasticisers (Soliman et al. 2004) , personal care products and pharmaceuticals compounds (Daughton & Ternes 1999; Adam et al. 2002; Jones et al. 2002) . The majority of environmental studies has been focused on a family of target compounds. Indeed, the analytical techniques are easily overloaded by the complexity of the matrices which require pre-treatment and purification of samples for a good identification. Recently, Buchberger The objective of this study was to assess whether the recent development of comprehensive two-dimensional gas chromatography (GC £ GC) could help answer this challenge. Liu & Phillips (1991) , GC £ GC is an analytical technique in which all the eluted compounds from a first column are successively submitted to a new separation in a second column with different selectivity. Contrary to gas chromatography (GC), which employs only one chromatographic column, GC £ GC uses two chromatographic columns, coupled in series, with a modulator at their junction. Figure 1 presents the principle of the technique.
MATERIAL AND METHODS

Developed in 1991 by
Generally, a GC £ GC system associates a first nonpolar column (dimethylpolysiloxane) to a second column of higher polarity (polyethyleneglycol, or cyclodextrin).
As a result, in the first column (non-polar), the analytes are separated by increasing boiling point, whereas in the second column (polar), separation is practically governed by affinities of polarity. Thus, the compounds are separated by two independent orthogonal mechanisms of separation. Due to its principle, GC £ GC offers a much better capacity of separation and a better sensitivity than conventional gas chromatography. This paper presents partial results of a broad screening of different families of pollutants present in a single sample of raw and treated wastewater using this new approach.
Experimental
Sample preparation
The urban wastewater plant investigated is located in the west Paris area and treats the effluents from 13,000 inhabitants at a rate of 190 m 3 /day. The treatment process comprises screening, sand and grease removal, activated sludge treatment followed by secondary clarification.
Five hundred mL of raw wastewater and 1 L of treated wastewater (grab samples) have been sampled (24 h composite samples) at the inlet and outlet of the plant. The nonfiltered samples were extracted at basic pH (pH ¼ 11) with methylene chloride (2 £ 100 mL) in order to recover the base-neutral fraction. Then, the extracts were concentrated to 1 mL under a nitrogen stream and directly injected in GC £ GC-TOFMS. No purification steps have been carried out on sample extracts to avoid losing traces of compounds.
Instrument
The wastewater extracts were analysed by GC £ GC- The data were acquired and reprocessed with ChromaTOF software (version 3.21). 
Analytical conditions
RESULTS
Figures 2 and 3 present the chromatograms obtained by
GC £ GC-TOFMS, for the treated and raw wastewater extract, respectively.
A broad screening of different families of hazardous contaminants present in the wastewater extracts has been carried out. More than 1,000 compounds were detected in the raw wastewater extract. Almost 90% of these compounds were eliminated in the treated wastewater. Approximately 600 of them showed a similarity index higher than 70%. Their spectra were then examined manually. and other compounds commonly found in waste water, has been injected in the same analytical conditions. By comparison with standard retention time and peak areas, a semi-quantification of the hazardous components present in the wastewater extracts has been carried out. It is intended to carry out a more precise identification and quantification of the most frequent contaminants relative to their pure standards after the screening of several wastewaters from different sites will be completed.
Thanks to the sensitivity of GC £ GC (3-5-fold higher than GC), some compounds could be detected at the ng/L level. All GC amenable organic compounds can be detected by this analytical technique, i.e. volatile and semi-volatile, apolar and semi-polar compounds. Drugs (antidepressants, antibiotics, anticoagulants etc.), personal care products (sunscreens, antiseptics, cosmetics etc.) and carcinogen compounds were found in the raw wastewater extract.
However, the majority of these compounds was not detected or was detected at low concentrations in the treated wastewater extract. In addition to select compounds presented in Table 2 
CONCLUSION
This preliminary study demonstrated the potential of GC £ GC to carry out a large screening of different families of hazardous compounds which may be present in urban wastewaters. Many drugs, personal care products and carcinogenic products were detected at the inlet of the wastewater treatment plant studied. Most of them were found at mg/L levels in the raw wastewater and disappeared or were found at ng/L levels in the treated wastewater. Obviously, results from a wider range of plants will be necessary before drawing general conclusions concerning the removal of 2D-GC amenable hazardous contaminants by urban wastewater plants. A more extensive study on several wastewater plants is currently under way and will be reported later. Compared to previous screening studies carried out with GC (NgGuyen et al. 1994; Bruchet et al. 2002) , this new technique allowed the detection of many more micropollutants in a single wastewater extract. Due to its higher resolution, GC £ GC allows better quality mass spectra to be isolated from the complex matrix. In particular, some of the drugs listed in Table 2 have not been reported before. Therefore, this technique appears as the method of choice for the rapid screening of GC-amenable, non-polar to semi-polar compounds, and will be used to guide further quantitative work on relevant contaminants.
